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Introduction 

 
The San Francisco Electric Reliability Project (at the MUNI Site) is a simple cycle, 
natural gas fired, combustion turbine generator (CTG) power plant using three GE 
LM6000PC Spring CTG units.  The MUNI site is located on a brownfield site on the 
eastern project line of the MUNI Metro East Maintenance and Operation Facility (under 
construction). 
 
Grading and Drainage 

 
The plant site is located in an area that is currently unoccupied and generally of flat 
topography, sloping towards the San Francisco Bay.  It is not anticipated that off-site 
areas contribute significantly to runoff at the site.   
 
The general site grading will establish a working surface for construction and plant 
operating areas, provide positive drainage from buildings and structures, and provide 
adequate ground coverage for subsurface utilities. 

 
Onsite drainage will be accomplished through gravity flow.  The surface grading will 
direct stormwater runoff to the proposed vegetated swale collection system via overland 
flow at a minimum of 0.5%.   
 
Stormwater Runoff Regulation 
Stormwater discharges from the site are regulated by the RWQCB.  Most of the 
stormwater runoff generated within the City and County of San Francisco is collected in a 
combined sewer system and conveyed to the Southeast and Oceanside water pollution 
control plants.  However, a substantial portion of the Port of San Francisco, including the 
project site, is not serviced by the combined system.  Stormwater discharges from these 
areas, not serviced by the combined system, are subject to regulation under the National 
Pollutant Discharge Elimination System (NPDES) program. 
 
The Port’s SWMP includes guidance to be used when considering new development 
within the Port.  The requirement most relevant to evaluation of the feasibility of the 
proposed project site design concerns sizing and design of the pollutant treatment system.  
The following is an excerpt from the SWMP (as taken from the California Stormwater 
BMP Handbook): 
 

Numeric Sizing Criteria for Pollutant Removal Treatment Systems. The 
provisions provide specific design criteria for treatment BMPs. The project 
area threshold for the design criteria is defined as 5,000 square feet of new 
or redevelopment. The permits require treatment BMPs to be sized using… 
flow hydraulic design criteria for the design of treatment BMPs whose 
primary mode of action depends of flow capacity, such as swales, sand filters 
or wetlands. These types of BMPs are required to be sized to treat: 10% of 



the 50-year peak flow rate; or the flow of runoff produced by a rain event 
equal to at least two times the 85th percentile hourly rainfall intensity for the 
applicable area, or the runoff resulting from a rain event equal to at least 0.2 
inches per hour.  

 
As specified, the intensity of rainfall that requires treatment is 0.2 inches per hour.  It is 
estimated that treating this rate of rainfall with flow-based BMPs would result in 
treatment of, on average, 85 percent of the total average annual rainfall. 
 
The following steps describe the approach for application of the flow-based BMP design 
criteria: 
 

1. Identify the “BMP Drainage Area” that drains to the proposed BMP.  This 
includes all areas that will contribute runoff to the proposed BMP. 

 
2. Determine rainfall intensity criteria to apply and the corresponding design rainfall 

intensity.  
 

a. Uniform Intensity Approach:  The “Design Rainfall Intensity” is the 
intensity specified in the criteria – 0.2 inches/hour.  

 
3. Calculate the composite runoff coefficient “C” for the “BMP Drainage Area” 

identified in Step 1. 
 

4. Apply the Rational Formula to calculate the “BMP Design Flow” 
 

a. Uniform Intensity Approach:  Using the “BMP Drainage Area” from Step 
1, the “Design Rainfall Intensity” from Step 2a, and “C” from Step 3, 
apply the Rational Formula.  The result is the “BMP Design Flow.” 

 
This method used the Rational Method equation: 

 
     Q = CIA 
 
  Where: 
   Q is the design flow in cubic feet per second (cfs), 
   C is the drainage area runoff coefficient, 
   I is the design intensity (in/hr), and 
   A is the drainage area for the BMP (acres) 
 
Step 1. Determine the drainage area for the BMP, A = 5.23  acres 
 
Step 2. Determine the runoff coefficient, C =  0.90   
 
Step 3. Use a design intensity of 0.2 in/hr for “I” in the Q = CIA equation 
 



    I = 0.2 in/hour 
 
Step 4. Determine the design flow (Q) using Q = CIA 
 
    Q = C*I*A 
     
    Q = (Step 2) * (0.2 in/hr) * (Step 1) 
 
    Q =  0.94 cfs 
 
  Design Flow, Q =  0.94 cfs 
 
Therefore, the vegetated swale must be sized to accommodate the design flow. 
 
 
Vegetated Swale Treatment Method 
 
As detailed in the California Stormwater BMP Handbook, vegetated swales are open, 
shallow channels with vegetation covering the sides slopes and bottom that collect and 
slowly convey runoff flow to downstream discharge points.  They are designed to treat 
runoff through filtering by the vegetation in the channel, filtering through a subsoil 
matrix, and/or infiltration into the underlying soils. 
 
Design and Sizing Guidelines 
 

• Flow rate based design sized so that 85% of the annual runoff volume is 
discharged at less than the design rainfall intensity 

 
• Swale should be designed so that the water level does not exceed 2/3 the height of 

the grass or 4 inches, whichever is less, at the design treatment rate. 
 

• Longitudinal slopes should not exceed 2.5%. 
 

• The side slopes should be no steeper than 3:1 (H:V). 
 

• Trapezoidal channels are normally recommended. 
 

• The width of the swale should be determined using Manning’s Equation using a 
value of 0.25 for Manning’s n. 

 
• The swale should have a length that provides a minimum hydraulic residence time 

of at least 10 minutes. 
 
 
Attached please find a spreadsheet detailing the swale design calculations. 
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Assumptions

● Design grass height of 6 inches and a water quality flow depth of 4 inches, California Stormwater BMP Handbook, New Development and Redevelopme

● Manning's roughness coefficient of 0.25, California Stormwater BMP Handbook, New Development and Redevelopment

● Swale side slopes maximum steepness of 3:1, California Stormwater BMP Handbook, New Development and Redevelopment

● Minimum hydraulic residence time of 10 minutes, California Stormwater BMP Handbook, New Development and Redevelopment
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Flow Rate Calculation

Area ID Area C A*C
Plant Area (approx.) 227,960      0.9 4.71

Sum A*C 4.7

Area volumetric flow rate 0.94 cfs
Upstream flow 0.00 cfs

Total volumetric flow rate 0.94 cfs
Swale Design Calculations

Variables Design Flow Rate 0.94        cfs
i 0.2
n 0.25 Flow Depth 0.33 ft
R 0.35 Manning's Equation 1.20 cfs
S 0.5%
A 5.8 Flow Velocity 0.16        ft/s
Z 4 Min. Length 98           ft
b 16

DT 10

C = runoff coefficient A = (b+z*y)*y
i  = rainfall intensity (inches per hour) R = A/(b+2*(y^2+y^2*z^2)^0.5
n  = Manning's Roughness Coefficient Q= 1.49/n(A*R^2/3*S^1/2)
R = hydraulic radius
S = hydraulic slope of swale
A = swale cross-section area (square feet)
z = swale side slope ratio (x:1)
b = width of bottom of swale (feet)
Q = volumetric flow rate (cubic feet per second)
DT = detention time (minutes)
cfs = cubic feet per second
ft/s = feet per second
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Vegetated Swale 100-year, 1-hour Storm Capacity Calculations 
 
Calculations have been requested to illustrate that the vegetated swale has been sized to 
not only treat the water quality storm but to carry the post-construction 100-year peak 
runoff from the SFERP site.   The following steps were taken to do so: 
 

1. Identify the “Drainage Area” that drains to the proposed swale.  This includes all 
areas that will contribute runoff. 

 
2. Determine rainfall intensity criteria to apply and the corresponding design rainfall 

intensity.  
 

a. The rainfall intensity duration used for this calculation are based on the 
rainfall information collected by the Department of Water Resources rain 
gauge at the San Francisco International Airport.  An empirical equation 
has been developed based on rainfall data collected over an almost fifty-
year period.  The equation is: 

 
    I = A * DB 

 
  Where: 
   A is a constant based on the rainfall frequency 
    For 10 year frequency A = 0.88 
    For 25 year frequency A = 1.04 
    For 100 year frequency A = 1.28 
   D is the rainfall duration in hours 
   B is the site specific constant (-0.484) 
   I is the intensity for the designed rainfall frequency/duration (in/hr) 
 

A table of this IDF curve is attached, which indicates that for a 100-year 
frequency and 15-minute duration (assuming that the peak producing 
period of the storm has a duration equal to an estimated time of 
concentration of fifteen minutes) the Intensity “I” = 2.504.   
 
 

3. Calculate the composite runoff coefficient “C” for the “Drainage Area” identified 
in Step 1. 

 
4. Apply the Rational Formula to calculate the Design Flow 

 
a. Using the “Drainage Area” from Step 1, the “Rainfall Intensity” from Step 

2a, and “C” from Step 3, apply the Rational Formula.  The result is the 
“Design Flow.” 

 
This method used the Rational Method equation: 



 
     Q = CIA 
 
  Where: 
   Q is the design flow in cubic feet per second (cfs), 
   C is the drainage area runoff coefficient, 
   I is the design intensity (in/hr), and 
   A is the drainage area to the swale (acres) 
 
 
Step 1. Determine the drainage area for the BMP, A = 5.23  acres 
 
Step 2. Determine the runoff coefficient, C =  0.99   
 

The Manning’s coefficient has been increased to 0.99 to reflect total 
imperviousness at the site. 

 
Step 3. Use a design intensity of 2.50 in/hr for “I” in the Q = CIA equation 
 
    I = 2.50 in/hour 
 
Step 4. Determine the design flow (Q) using Q = CIA 
 
    Q = C*I*A 
     
    Q = (Step 2) * (2.50 in/hr) * (Step 1) 
 
    Q =  12.97 cfs 
 
  Design Flow, Q =  12.97 cfs 
 
Therefore, the vegetated swale must be sized to not only treat the water quality storm but 
to carry this post-construction 100-year peak runoff. 
 
Attached please find a spreadsheet detailing that the swale will carry in excess of the 100-
year peak runoff at a depth of 1.30 feet.  This in excess of the estimated swale depth of 
1.00 feet.  Therefore, the swale must be deeper to carry this increased rate-of-runoff  
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Flow Rate Calculation
Area C A*C

Power Plant, Swale 227,819       sf 0.99 5.18
and 25th Street. = 5.23 Ac.

Sum A*C 5.18

Area volumetric flow rate 12.96 cfs   (A*C*rainfall intensity "i")
Upstream flow 0.00 cfs

Total volumetric flow rate 12.96 cfs
Swale Design Calculations

Variables Design Flow Rate 12.96       cfs
i 2.50
n 0.25 Flow Depth 1.30 ft
R 1.39 Manning's Equation 13.58 cfs
S 0.5%
A 25.9 Flow Velocity 0.50         ft/s
Z 3 Min. Length 301          ft
b 16

DT 10

C = runoff coefficient A = (b+z*y)*y
i  = rainfall intensity (inches per hour) R = A/(b+2*(y^2+y^2*z^2)^0.5
n  = Manning's Roughness Coefficient Q= 1.49/n(A*R^2/3*S^1/2)
R = hydraulic radius
S = hydraulic slope of swale
A = swale cross-section area (square feet)
z = swale side slope ratio (x:1)
b = width of bottom of swale (feet)
Q = volumetric flow rate (cubic feet per second)
DT = detention time (minutes)
cfs = cubic feet per second
ft/s = feet per second






